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OPTICAL AND ELECTRICAL INTERCONNECT 



Field 

The present invention is related to connecting signals between substrates in an 
electronic package and, more particularly, to interconnects used in connecting electronic 
and optical signals between substrates in an electronic package. 

Background 

Electrical interconnects are conductive structures that carry signals and 
information in modern electronic systems, such as computers, cellular telephones, and 
personal digital assistants. Substrates, including dice and packaging substrates, are the 
building blocks of modern electronic systems. Dice are electronic components made up 
of diodes, transistors, resistors, capacitors, and inductors that perform the electronic 
functions required in modern electronic systems. Packaging substrates provide a platform 
for mounting and interconnecting dice and other electronic components, such as resistors, 
capacitors, and inductors. Electrical interconnects connect together electronic 
components on and between dice and packaging substrates. 

Electrical interconnects are a significant information transmission bottleneck in 
modern communication and computation systems. Information encoded in electronic 
signals is transmitted between electronic components over electrical interconnects in 
modern communication and computation systems. Electrical interconnects are often 
unable to transfer information at the high data rates that modern systems require. One 
reason for this is that electrical interconnects are often fabricated from conductive 
materials, such as metals, which have several inherent electrical limitations. First, 
electrical interconnects are susceptible to noise pick-up from neighboring conductors. 
Second, electrical interconnects have a finite resistance which when coupled to parasitic 
capacitances limits the speed at which information can be transmitted on the 
interconnects. 

For these and other reasons there is a need for the present invention. 
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Brief Description of the D rawings 

Figure 1 A is a perspective view of one embodiment of an interconnect according 
to the teachings of the present invention; 

Figure IB is a side view of the interconnect shown in Figure 1 A; 

Figure 1C is magnified view of a section of the anisotropic film of the 
interconnect shown in Figure IB; 

Figure ID shows a section of the anisotropic film of the interconnect shown in 
Figure 1C after compression; 

Figure IE is a exploded view of one embodiment of an interconnect located 
between a first substrate and a second substrate according to the teachings of the present 
invention; 

Figure IF is a cross-sectional view of the interconnect located between the first 
substrate and the second substrate of Figure IE taken along the line A- A; and 

Figure 2 is a flow diagram of one embodiment of a method of fabricating an 
interconnect according to the teachings of the present invention. 

Description 

In the following detailed description of the invention, reference is made to the 
accompanying drawings which form a part hereof, and in which are shown, by way of 
illustration, specific embodiments of the invention which may be practiced. In the 
drawings, like numerals describe substantially similar components throughout the several 
views. These embodiments are described in sufficient detail to enable those skilled in the 
art to practice the invention. Other embodiments may be utilized and structural, logical, 
and electrical changes may be made without departing from the scope of the present 
invention. The following detailed description is not to be taken in a limiting sense, and 
the scope of the present invention is defined only by the appended claims, along with the 
full scope of equivalents to which such claims are entitled. 
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Figure 1A is a perspective view of one embodiment of an interconnect 100 
according to the teachings of the present invention. The interconnect 100 includes an 
anisotropic conductive film 102 and optically transmissive units 104-106 embedded in 
the anisotropic conductive film 102. 

Figure IB is a side-view of the interconnect 100 shown in Figure 1 A. The side- 
view is taken at surface 109 of the interconnect 100 shown in Figure 1 A. As can be seen 
in Figure IB, each of the optically transmissive units 104-106 provides an optically 
transmissive path through the anisotropic conductive film 102. Thus, each of the 
optically transmissive units 104-106 provides a path for coupling optical signals from the 
first surface 108 of the interconnect 100 to the second surface 110 of the interconnect 100 
and from the second surface 1 10 of the interconnect 100 to the first surface 108 of the 
interconnect 100. 

The interconnect 100, in the embodiment shown in Figure 1 A and Figure IB, 
includes three optically transmissive units 104-106. However, the interconnect 100 is not 
limited to use in connection with three optically transmissive units. The interconnect 100 
can be fabricated with as many or as few optically transmissive units as a particular 
application requires. In the embodiment shown in Figure 1 A, the interconnect 100 has a 
first surface 108 that is substantially rectangular. However, the first surface 108 of the 
interconnect 100 is not limited to a substantially rectangular shape. The first surface 108 
can be formed to any shape that a particular application requires. 

Optically transmissive units 104 and 106, in one embodiment as shown in Figure 
1 A, have a substantially cylindrical shape. Optically transmissive unit 105, in one 
embodiment as shown in Figure 1 A, ha s a substan tiall y rectangular shape . However, the 
optically transmissive units 104-106 are not limited to a particular shape. Any shape that 
is capable of transmitting optical energy is suitable for use in the fabrication of optically 
transmissive-units-104^1'06. Thus, the optically transmissive-units-L04-l.a6,c an be shape d 
to efficiently transmit electromagnetic radiation from a variety of sources, including die 
mounted (not shown) lasers, such as vertical cavity surface emitting lasers, laser diodes, 
and diodes, and externally mounted (not shown) lasers, laser diodes, and diodes. S 
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Optically transmissive units 104-106 are not limited to being fabricated using a 
particular material. In one embodiment, optically transmissive units 104-106 comprise 
free space. In an alternative embodiment, optically transmissive units 104-106 are 
fabricated from an optical polymer. Exemplary optical polymers suitable for use in 
connection with the fabrication of optically transmissive units 104-106 include acrylic 
aciylates, ^olycarbon ates, or pol ya crylates. P referably, the o ptical polymers selecte d for 
the fabrication of the optically transmissive units 104-106 are curable using ultraviolet 
radiation. 

The optically transmissive units 104-106 can function as optical vias in modern 
electronic systems. Avians an interconnection for coupling together components in 
electronic systems. A_voa£3n couple together components on a single substrate or 
components on multiple substrates. Vias in modern electronic systems are generally 
conductive elements. However, optically transmissive units 104-106 can also function as 
vias to couple optical signals between components in an electronic system. Those skilled 
in the art will appreciate that the use of optically transmissive units 104-106 as vias in an 
electronic system can increase the bandwidth of the system. 

Figure 1C is a magnified view of section 1 1 1 of the anisotropic conductive film 
102 of the interconnect 100 shown in Figure IB. As can be seen in Figure 1C, the section 

1 1 1 of the anisotropic conductive film 102 includes a carrier 112 and one or more 
conductive particles 1 14 embedded in the carrier 1 12. In one embodiment, the carrier 

1 12 is a substantially compliant insulative material. Exemplary substantially compliant 
insulative materials include epoxies and adhesives. 

In one embodiment, each of the one or more co nductive partic les 1 14 is fabricated 
from a conductive material. Exemplary conductive materials suitable for use in the 
fabrication of the one or more conductive particles 114 include metals and 
s emicond uctors. Exemplary metals suitable for use in the fabrication of the one or more 
conductive particles 1 14 include nickel, aluminum, copper, gold, silver, and alloys of 
nickel, aluminum, copper, gold and silver. Exemplary semiconductors suitable for use in 
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the fabrication of the one or more conductive particles 114 include silicon, germanium, 
and gaUiuirLaisenide ~~ — 



Figure ID shows the section 1 1 1 of the anisotropic conductive film of Figure 1C 
after compression. As can be seen in Figure ID, after compression of the anisotropic film 
102 at a point of compression 1 16, a conductive path 1 18 is formed between the point of 
compression 116 and the second surface 1 10 by a subset of the one or more conductive 
particles 1 14. The density of the one or more conductive particles 1 14 in the carrier 1 12 
and the compliancy of the carrier 1 12 are selected such that, with the carrier compressed 
as shown in Figure ID, a subset of the one or more conductive particles 1 14 forms the 
conductive path 118 between the first surface 108 at the point of compression 1 16 and the 
second surface 110. The point of compression 1 16 is the location on the first surface 108 
at which an electrical connection can be made to the conductive path 118. 

Figure IE is a perspective view of one embodiment of an electronic package 119 
according to the teachings of the present invention. The electronic package 119 includes 
interconnect 100 located between a first substrate 120 and a second substrate 122. In one 
embodiment, the first substrate 120 comprises a die including electrical optical circuits 
(not shown), and the second substrate 122 comprises a carrier substrate including 
electrical and optical signal carrying paths (not shown). However, the first substrate 120 
is not limited to a particular type of die, and the second substrate 122 is not limited to a 
particular type of carrier substrate. Exemplary dice suitable for use in connection with 
the present invention include microprocessor, digital signal processor, or application 
specific integrated circuit dice. Exemplary substrates suitable for use in connection with 
the present invention include single-die ceramic carriers and multi-die ceramic carriers. 
After the first substrate 120, the second substrate 122, and the interconnect 100 are 
assembled into the electronic package 1 19, the interconnect 100 provides electrical and 
optical signal paths (not shown) for transmitting electrical and optical signals between the 
first substrate 120 and the second substrate 122 and between the second substrate 122 and 
the first substrate 120. 
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Those skilled in the art will appreciate that Figure IE shows only one embodiment 
of the electronic package 119, and that the electronic package 1 19 is not limited to being 
fabricated using only two substrates as shown in Figure IE. Three or more substrates can 
be optically and electrically coupled together using the teachings of the present invention. 
In one embodiment, a die substrate is electrically and optically coupled to a ceramic 
substrate, and the ceramic substrate is electrically and optically coupled to a motherboard 
substrate. 

Figure IF is a cross-sectional view of the electronic package 119 shown in Figure 
IE taken along the line A- A. The electronic package 119 includes the first substrate 120, 
the second substrate 122, and the interconnect 100 located between the first substrate 120 
and the second substrate 122. The first substrate 120 includes optical paths 127-128, 
optical transmitter 130, optical receivers 132-133, terminals or die pads 136-139, and 
conductive solder elements 141-144. The interconnect 100 includes optically 
transmissive units 104-106, conductive paths 145-148, and anisotropic conductive film 
102. The second substrate 122 includes optical paths 150-153, reflectors 156-159, and 
electrically conductive terminals or pads/lands 161-164. Each of the optical paths 
includes one of the reflectors 156-159 for deflecting an optical beam. 

As can be seen in Figure IF, the interconnect 100 is compressed at conductive 
solder elements 141-144 to form the electrically conductive paths 145-148 between each 
of the conductive solder elements 141-144 on the first substrate 120 and the electrically 
conductive terminals or pads/lands 161-164 on the second substrate 122. Thus, each of 
the electrically conductive paths 145-148 provides a path for coupling an electrical signal 
from the first substrate 120 to the second substrate 122 and from the second substrate 122 
to the first substrate 120. Also, as can be seen in Figure IF, the interconnect 100 
provides optical paths at optically transmissive units 104-106 for coupling optical signals 
between the first substrate 120 and the second substrate 122. The sources of optical 
signals 166-168 are not shown in Figure IF, however those skilled in the art will 
appreciate that exemplary sources of optical signals 166-168 include but are not limited 
to lasers, vertical cavity surface emitting lasers, diodes, and laser diodes. Those skilled in 
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the art will also appreciate that optical signals can be coupled to optical input ports 170- 
172. 

In operation, the second substrate 122 receives the optical signals 166-168 at 
optical input ports 170-172, respectively, and the first substrate 120 transmits optical 
5 signal 174 from optical transmitter 130 to optical output port 176 on the second substrate 

122. In addition, electrical signals, such as digital or analog signals, are transmitted 
between the first substrate 120 and the second substrate 122. The electrical signals 
transmitted between the first substrate 120 and the second substrate 122 traverse paths 
that include the terminals or die pads 136-139, the conductive solder elements 141-144, 

10 the conductive paths 145-148, and the terminals or pads/lands 161-164. 

The optical signal 166, after arriving at the optical input port 170, travels along 
the optical path 151 to the reflector 157. At the reflector 157, the optical signal 166 is 
deflected into the optically transmissive unit 105. The optical signal 166 travels through 
the optically transmissive unit 105 to the optical receiver 132 on the first substrate 120. 

15 The optical receiver 132 receives and processes the optical signal 166 or receives and 

converts the optical signal 166 to an electrical signal for further processing. 

The optical signal 167, after arriving at the optical input port 171, travels along 
the optical path 152 to the reflector 158. At the reflector 158 the optical signal 167 is 
deflected into the optically transmissive unit 105. The optical signal 167 travels through 

20 optically transmissive unit 105 to the optical path 128 on the first substrate 120. The 
optical signal 167 travels along optical path 128 to the optical receiver 132 on the first 
substrate 120. The optical receiver 132 receives and processes the optical signal 167 or 
receives and converts the optical signal 167 to an electrical signal for further processing. 
The optical receiver 132, in one embodiment, comprises a single optical receiver. In an 

25 alternative embodiment, the optical receiver 132 comprises a plurality of optical 
receivers. 

Thus, optical signals 166 and 167 are both transmitted through the optically 
transmissive unit 105. Those skilled in the art will appreciate that each of the optically 
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transmissive units 104-106 can route a plurality of optical signals between the first 
substrate 120 and the second substrate 122. 

The optical signal 168, after arriving at the optical input port 172, travels along 
the optical path 153 to the reflector 159. At the reflector 159 the optical signal 168 is 
deflected into the optically transmissive unit 106. The optical signal 168 travels through 
the optically transmissive unit 106 to the optical receiver 133 on the first substrate 120. 
The optical receiver 133 receives the optical signal 168 and processes the optical signal 
168 or converts optical signal 168 to an electrical signal for further processing. 
The optical receiver 1 33, in one embodiment, comprises a single optical receiver. In an 
alternative embodiment, the optical receiver 133 comprises a plurality of optical 
receivers. 

The optical transmitter 130 generates an optical signal 174 on the first substrate 
120. The optical signal 174 travels along the optical path 127 to the optically 
transmissive unit 104. The optical signal 174 travels through the optically transmissive 
unit 104 and to the optical path 150 on the second substrate 122. The optical signal 174 
travels along the optical path 150 to the reflector 156 and is deflected along the optical 
path 150 to the optical output port 176. 

Thus, the interconnect 100 provides an interconnect that permits transmission of 
optical and electrical signals from the first substrate 120 to the second substrate 122 and 
from the second substrate 122 to the first substrate 120. 

Those skilled in the art will appreciate that the optical signals passing through the 
optically transmissive units 104-106 are substantially immune from electrical 
interference, such as cross-talk from electrical signals passing through the conductive 
paths 145-148. In addition, the optical signals passing through the optically transmissive 
units 104-106 do not interfere with the electrical signals being transmitted through the 
electrically conductive paths 145-148. In one embodiment, the signal passing through the 
at least one of the optically transmissive units 104-106 is a clock signal. 

Those skilled in the art will also appreciate that optical signals passing through the 
optically transmissive units 104-106 are immune from parasitic capacitances, which 
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allows signals to be transmitted through the optically transmissive units 104-106 at higher 
frequencies than signals transmitted on the electrically conductive paths 145-148. 

Figure 2 is a flow diagram of one embodiment of a method 200 of fabricating an 
interconnect according to the teachings of the present invention. Method 200 includes 
forming one or more holes in a conductive film on a carrier substrate (block 201), filling 
at least one of the one or more holes with a material capable of transmitting an optical 
signal (block 203), and laminating the conductive film on a packaging substrate (block 
205). In an alternative embodiment, forming one or more holes in the conductive film 
comprises patterning the conductive film to form a patterned conductive film and etching 
the one or more holes in the patterned conductive film. In another alternative 
embodiment, filling at least one of the one or more holes with a material capable of 
transmitting an optical signal comprises filling at least one of the one or more holes with 
an optical polymer. 

Although specific embodiments have been described and illustrated herein, it will 
be appreciated by those skilled in the art, having the benefit of the present disclosure, that 
any arrangement which is intended to achieve the same purpose may be substituted for a 
specific embodiment shown. This application is intended to cover any adaptations or 
variations of the present invention. Therefore, it is intended that this invention be limited 
only by the claims and the equivalents thereof 
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